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Abstract: In recent years, some attempts have been performed to extend general design rules reported in the codes 
for steel reinforced concrete to Fiber Reinforced Polymer (FRP) materials; this is the case of relationships adopted in 
the evaluation of the development length clearly derived by extension of the formulations used for steel bars. 
However, such relationships seem to be inappropriate for FRP reinforcing bars: in fact, experimental test results 
have shown that bond behavior of FRP bars is different from that observed in case of deformed steel ones. As a 
consequence, a new procedure for the evaluation of development length based on an analytical approach is needed 
in order to directly account for the actual bond-slip constitutive law as obtained by experimental tests on different 
types of FRP reinforcing bars. During this research contribution, an experimental study of GFRP bar concrete bond 
test is carried out and presented to investigate the bond stress–slip behavior for normal and fiber concrete. The tested 
specimens included 19 concrete beams by 1200mm as a length, 200mm as a width and 100mm as height .The GFRP 
bars embedded in concrete beams by embedded length equal 100mm and 250mm.This research effort aims at 
underlining the effects of embedded length of (GFRP), the fiber, and the dynamic load on the maximal bond stress. 
[Hamdy Kamal Shehab eldin, Mohamed Hussein, Khaled Fawzy and Shady Khairy. Bond behavior of Concrete 
Beam Reinforcement by GFPR Bars. Life Sci. J 2014; 11(11):113-123] (ISSN: 1097-8135). 
http://www.lifesciencesite.com 15 
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1. Introduction 

Considerable research efforts have been 
conducted on the bond behavior of glass fiber 
reinforced plastic (GFRP) rebar in concrete. Different 
types of FRP bars have quite different bond 
characteristics, which are strongly dependent on 
developed length, mechanical and physical properties 
of external layer of FRP rods. [1,19] 

In order for FRP bars to become widely 
accepted in the construction industry, all aspects of 
their structural behavior must be studied to guarantee 
their safe application. Bond development is a critical 
issue for their successful application as reinforcement 
in concrete structures. Bond characteristics affect the 
anchorage of bars, strength of lap splices, required 
concrete cover, and serviceability and ultimate states. 
The continued integrity of the bond is also a critical 
issue for the long lasting performance of concrete 
structures reinforced with FRP bars. [2, 4, 17 and 18] 

Bond strength of fiber reinforced polymer 
(GFRP) bars was experimentally investigated in this 
study and compared to that of steel bars. A total of 19 
concrete beams reinforced with two types of bars, 
GFRP bars and steel bars were tested. The type of 
concrete is a parameter with the research, which a 
total 19 concrete beam can classified for (NC) normal 
concrete and (FC) fiber concrete. Diameter of GFRP 
and steel bars with 10 mm, and two embedment 
lengths (Ld), 100mm, and 250mm were used. All 
specimens tested by 4-point bending test to descried 
bond stress and slippage of bars. 

2. Experimental Work 
In this research, The beams were 

instrumented and tested under four-point bending 
condition (4PB) with different types of 
reinforcements, steel and fiber glass (GFRP) bars to 
determine a clear comparative between reinforcement 
by steel and GFRP in two types of normal concrete 
concrete (NC), concrete fiber (FC)  and  clarify the 
bond behavior between the bars and the concrete 
used.The deformed steel bars are used to provide 
reference for comparison of results. The objectives of 
this study are to investigate experimentally the bond-
slip behavior between concrete and GFRP reinforcing 
bars under static and dynamic loading with different 
(Ld) for both steel normal concrete (NC), steel fiber 
concrete (FC), GFRP normal concrete (NC) and 
GFRP fiber concrete (FC). The beam specimens are 
tested under static and cycling loading to describe the 
bond stress and the slippage which occurs in bar, and 
concrete.  
2.1 Bond test specimen 

The specimens tested included 9 beams with 
embedded length (Ld) equal 100mm, and 10 beams 
with embedded length (Ld) equal 250mm, both of 
them reinforced by GFRP bars and steel bars .Type of 
concrete is a very important parameter which was 
classified for two types of concrete, (NC) normal 
concrete, and (FC) fiber concrete. Concrete 
dimension of 19 beams are 200mm height, 100mm 
width, and 1200mm Length. Concrete was poured in 
the mold beam after placing GFRP, Steel bars as 
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shown in Figure .3. Developed length is the 
embedded length of bar into concrete as shown in 
Fig. 4. For Manufacture processing and casting 
concrete beam were finished in laboratories of Higher 
Technological institute 10th of Ramadan, Testing 
process was occurred  in laboratories of Structural 
Engineering Department, Zagazig University by MTS 
machine, with Capacity 200KN.Specimens were 
tested as 4-piont bending test to describe stress-strain 
curve and calculate modulus of elasticity as shown in 
Figure1, the developed length, which is the 
embedded length of bar into concrete is shown in Fig. 
2. Three different surface treatments are applied to 
the manufactured GFRP bars. First type has spirally 
wrapped fiber strand with pitch of about 25.4 mm, 
and helically rounded with about 45° degrees to the 
longitudinal direction. The second type is coated by 
sand (sanded). The last type was left untreated with 
cleaning the bar surface from any increases of resin to 
make it completely smooth. Mechanical bond was 
also added to some bars by providing an enlargement 
to the bar ends. Table (1) shows the details of 

concrete beams that have been tested by the surface 
texture as well as the developed length of the 
different reinforcing bars used in the experimental 
program. The properties of (FC) are shown in table 
(2). 
           

Fig.1 Beam Test on specimens by MTS machine 
capacity 200KN 

                                  
  Table (1) the details of concrete beams tested 

 

Beam NC or FC Bar Surface     Bar type Bond length (Ld)  mm  
B1 NC Mech. GFRP 100 
B2 NC Spiral GFRP 100 
B3 FC Sanded GFRP 250 
B4 FC Sanded GFRP 250 
B5 NC Mech. GFRP 250 
B6 NC Sanded GFRP 100 
B7 NC Sanded GFRP 100 
B8 NC H.G.S Steel 250 
B9 NC H.G.S Steel 100 
B10 NC H.G.S Steel 250 
B11 NC H.G.S Steel 100 
B12 FC H.G.S Steel 250 
B13 FC Sanded without stirrups GFRP 100 
B14 FC H.G.S Steel 100 
B15 NC Spiral GFRP 250 
B16 FC Sanded  GFRP 100 
B17 FC H.G.S Steel 250 
B18 NC Smooth GFRP 100 
B19 NC Smooth GFRP 250 

 
Fig. 2 Concrete beams that have been tested 
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Fig.3 The mold beam which concrete was poured                 
 
 

 Table (2) the properties of the used concrete 

 

Fiber reinforced concrete (FC.) 
Gravel 
Kg/m3 

Sand 
Kg/m3 

Cement 
Kg/m3 

Water 
lit/ 
Kg/m3 

Fiber 
Kg/m3 

Super 
plastizer 
Kg/m3 

1026 790 390 195 2.7 1.5% of 
Cement 

   
Fig. 4 Developed length is the embedded length of bar into concrete 

 
2.2 Materials  

The following materials were used in 
concrete mix: Aggregates: Natural siliceous sand 
was used as Fine aggregate, with properties and 
grading curve as shown in table 3 and Fig. 5 
respectively. Dolomite with nominal maximum size 
of 14 mm is used as coarse aggregate. Sieve analysis 
of dolomite is given in Fig. 6. The dolomite is 
washed twice with clean drinking water, and 
immersed in water to be fully saturated and then left 
to dry in the room temperature before mixing.  
Table (3) Physical properties of fine aggregates 
Property Measured Value Code Limits 
Compacted density 
Loose density 
Specific gravity 
Fine material < (75 μ) 

1725 Kg/m3 
1600 Kg/m3 
2.65 
1.0 % 

 
 
2.5 – 2.75 
up to 3% 

   
 

Fig.5. Grading curve of sand 

 
 

 
Fig. 6 grading curve of dolomite 
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Cement: ASTM Type1 Ordinary Portland cement 
(N42.5) is used in this work.  
Water: Tap water was used. The water-cement ratio 
is taken constant in all mixes and equals to 0.48. 
Polypropylene fibers: For practical application, the 
volume fraction (Ѵf) of 0.3% (about 2.7 kg/m3) of 
polypropylene fibers was used in fiber concrete (FC). 
This ratio allows taking the benefits of fibers, while 
ensuring appropriate workability of concrete. It 
should be noted that the one of the objectives of this 

study is to qualitatively investigate the benefits 
gained from adding fibers to the bond strength of 
GFRP reinforcing bars. The compression strength of 
concrete on the day of testing was 27 MPa and 30 
MPa for FC and plain concrete NC, respectively.  
Reinforcement 

Two types of reinforcement were used in the 
specimens, steel bars in reference specimens and 
GFRP bars in the other specimens as shown in Fig. 7. 

 

        
Steel bar                      (a) Before coating (Smooth)               (b) After coating 

Fig.7 Steel bar and GFRP Bar ɸ10mm 
 
Bar surface texture 

The shapes of the type of GFRP reinforcing 
bars are shown in Fig. 7. Bars having a length of 
1200mm and nominal diameter of 10 mm were 
produced using 70% E-glass fiber and 30% a polyester 
resin. The GFRP bars manufacturing process according 
to Safaan (2004) [15] is used in this research. Three 
different surface treatments are applied to the 
manufactured GFRP bars. First type has spirally 
wrapped fiber strand with pitch of about 25.4 mm, and 
helically rounded with about 45° degrees to the 
longitudinal direction. The second type is coated by 

sand (sanded). The last type was left untreated with 
cleaning the bar surface from any increases of resin to 
make it completely smooth. Mechanical bond was also 
added to some bars by providing an enlargement to the 
bar ends. Stress-Strain curve of the reinforcing GFRP, 
and steel bars used in the test specimens is 
schematically shown in Fig. 8. The average elastic 
modulus of GFRP (E g) is found to be about 0.23 of the 
elastic modulus of steel (Es ),where the modulus of 
elasticity of steel bar was found equal 200000 MPa. 
[18]. 

 

 
Fig 8.Stress-Strain curves of GFRP bar and steel bar 

 
3. Beam Tests It is the commonly used test procedure to 

evaluate the bond behavior. It is an economic and 
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simple test procedure for the evaluation of bond 
performance [16, 17]. 

Linear vertical displacement transducers 
(LVDT) were used to measure the machine 
displacement increment, while strain gauges were 
mounting on the bar to measure its strain. Piece of 
rubber with thickness 10mm was placed between 
concrete beam and supporting steel block to prevent 
bending or movement due to the irregularities at the 

contact surface of the beam. The beam tests were 
carried out on the MTS machine at Concrete Lab at 
Faculty of Engineering, Zagazig University, Egypt. 
The setup of the beam test is shown in Fig. 9. 
Displacement control Load was applied. The 
maximum capacity of the MTS machine is 200 KN. 
descriptions of nineteen beam specimens are shown 
in Table 1. 

 

      
Fig.9. the schematic arrangement of the beam test on MTS 200KN as a capacity 

     
4. Bond Test Results  

The specimens were tested under four point 
bending (4-PB) up to failure. The deflection was 
measured at the bottom of middle span of the beam. 
Load-Deflection curves of the tested specimens are 
plotted in Figs. 10, 11, 12, 13, and 14.  Also; Table 4 
shows the ultimate load and the corresponding 
deflection at middle span of the tested specimens. The 
failure shapes of beam specimens are shown in Fig. 

10, in all specimens, failure diminishing of load 
carrying capacity took place at maximum load just 
after the Longitudinal splitting cracks started near the 
support except the specimens B3 and B10, the 
specimen B3 failed in compression failure with losses 
in its ultimate load due to the property of existence of 
voids in fiber concrete. The specimen B10 is reached 
to the ultimate load with vertical cracks at the tension 
zone and finally compression failure occurred.  

 

    
(a) Steel bar                                (b) GFRP bar 

Fig.10. Failure mode for reinforcement concrete beams by Steel bar and GFRP bar 
 
Table 4: Load-Deflection of tested beams 
 
 
 
 
 
 
 
 
 
 
 
 

 
Beam 

 
NC or FC 

 
Bar 
Surface 

 
 
Bar 

 
Ld  
mm 

 
Pu  
KN 

 
∆u  

     mm 

 
Failure mode 

B1 NC Mechanical GFRP 100 18  3.91 Bond 
B2 NC Spiral GFRP 100 15 8.5 Bond 
B3 FC Sanded GFRP 250 42 8.8 compression 
B5 NC Mechanical GFRP 250 51.4 12 compression 
B6 NC Sanded GFRP 100 8 9.5 Bond 
B7 NC Sanded GFRP 250 35 5.4 Bond 
B10 NC notched Steel 250 47 8.9 compression 
B15 NC Spiral GFRP 250 48.8 9.75 compression 
B16 FC Sanded  GFRP 100 12 2.71 Bond 
B17 FC notched Steel 250 32 1.82 Bond 
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4.1 Load-Deflection for Normal Concrete  
Fig. 11 shows the load-deflection curves of 

the specimens B1 and B5, both of them have 
mechanical GFRP bars with embedded length 100 
mm and 250mm respectively, the specimen B1 failed 
at 18 KN with bond failure and the corresponding 
deflection was 3.91mm, the ultimate load failure of 

the specimen B5 increased up to 51.4 KN with 
deflection 12mm. the failure mode was changed to 
compression failure with increasing embedded 
length, it can be clearly observed in table 4, which as 
the embedded length increased, the ultimate failure 
load increased. 

 
 

 
Fig.11. Load-Deflection experimental behavior of GFRP B1 and B5 

 
4.2 Load-Deflection for Fiber Concrete 

Figs. 12 and 13 show the load-deflection 
behavior of specimens B6, B7 (normal concrete) and 
specimens B16, B3 (fiber concrete) respectively with 
same treatment of bars surface (sanded surface). From 
observation, the embedded length and the surface 
treatment have significant effect in enhanced the failure 
load, the failure loads for B7and B3 reached to 35, 42 

Kn respectively (with embedded length 250 mm), the 
fiber concrete increased the ultimate load by about 
16%, and enhanced the failure mode from bond failure 
to compression failure. Regardless of the concrete type, 
the fiber concrete has the little  effect in increasing the 
ultimate load  or enhanced the failure mode for  
specimen with 100 mm embedded length.  

 

 
Fig.12. Load-Deflection experimental behavior of GFRP B6 and B7 

 

 
Fig.13. Load-Deflection experimental behavior of GFRP B16 and B3 
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Fig. 14 shows the load-deflection behavior of 
specimens (B2 and B15), both of them have spiral 
GFRP bars with embedded length 100 mm and 250mm 
respectively. The specimen B2 failed at 15 KN with 
bond failure and the corresponding deflection was 

8.5mm, the ultimate load failure of the specimen B15 
increased up to 48.8 KN with deflection 9.75mm, the 
behavior is the same as the specimens with mechanical 
treatment.  

 

 
Fig.14. Load-Deflection experimental behavior of GFRP B2 and B15 

 
As can be seen from the above Figures, the 

beam specimens with embedded length 250 mm had 
greater stiffness than did by the beam specimens with 
embedded length 100 mm, due to the increasing of 
bond resistance. 

Fig. 15 shows the load-deflection behavior of 
B7,B3, B5 and B15 with embedded length 250mm by 
different surface treatment comparing with specimen 
B10 (notched steel bar) as a reference. The Specimen 
B10 reached to ultimate load capacity 47 KN with final 
compression failure, however the specimen B7 (sand 
normal concrete surface treatment), the failure load is 
found to be lower than B10 by about 25%, while the 
specimen B3 is found to be lower than B10 by about 

10%. Both of specimens have not reached to the 
optimum failure load.  For the specimen B15 (spiral 
normal concrete surface treatment), and the specimen 
B5 (mechanical normal concrete surface treatment), the 
failure loads are found to be higher than B10 by about 
3%and 9 % respectively, this means that, both 
treatments give the maximum bond strength for GFRP 
bars. The initial bond stiffness of GFRP specimens is 
similar to bond stiffness of the deformed steel initial 
bond stiffness, and after cracking load, there were 
differences between the stiffnesses of all beam 
specimens, the sand bond (B7) has the minimum 
stiffness compared to the other treatment specimen.  

 

 
Fig.15. Load-Deflection experimental behavior of GFRP beam B10, B7, B5 and Steel beam B15 

 
4.3 Bond and Slip Calculation 
 The bond-slip experimental behavior of the beams is 
drawn in Figs. 17, 18, 19, 20, and 21, the equations. 
(1), (2), (3), (4) and (5) are used to obtain the ultimate 

values of bond stress and bar slippage for different 
specimens.  The results of calculations are shown in 
table 5.  
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             Moment,  

                 

                  

 

         Area of one bar = / 4 

Elongation,  

              Slippage,  

              Bond stress,  

                  Average value between  from equ. (1) and  from equ.(2) 

                 Tension force of one bar 

                Horizontal experimental value due to strain gauges 

                Experimental value due to strain gauges 
 
 
                                                                                                                         
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.16. B.M.D and distribution on the beam 

 
Table 5: Bond stress-Slippage of tested beams 
Beam NC or FC Bar 

Surface      
Bar Ld  

mm 
τ 
MPa 

Slippage 
mm 

τ G.F/ τ 
S 

S G.F/ S S 

B1 NC Mechanical GFRP 100 4.22 4.43 0.55 0.68 
B2 NC Spiral GFRP 100 3.42 8.4 0.44 1.30 
B3 FC Sanded GFRP 250 3.83 5.9 0.89 0.81 
B5 NC Mechanical GFRP 250 5.7 3.4 1.32 0.46 
B6 NC Sanded GFRP 100 1.83 7.6 0.23 1.16 
B7 NC Sanded GFRP 200 3.2 4.16 0.42 0.64 
B10 NC notched Steel 250 4.3 7.24 1 1 
B15 NC Spiral GFRP 250 4.45 9.05 1.03 1.25 
B16 FC Sanded GFRP 100 2.73 2.3 0.35 0.35 
B17 FC notched Steel 250 1.65 1.7 0.38 0.23 

τ G.F / τ S         Ratio Bond Stress 
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S G.F / S S        Ratio slippage 
τ G.F                       Bond stress of beam reinforced with GFRP bar 
τ S                     Bond stress of beam reinforced with Steel bar 
S G.F                     Slippage of beam reinforced with GFRP bar 
S S                    Slippage of beam reinforced with Steel bar 

 
 
4.4 Bond-Slippage for Normal Concrete and Fiber 
Concrete 

The average bond-slip experimental behavior 
of the two specimens of B6 and B7 is drawn on Fig. 
17; the two specimens have failed in bond at bond 
stress of about 1.83 and 3.2 MPa respectively with 
corresponding slip between 7.6 and 4.16 mm 
respectively. The ratio of bond stress for GFRP bar 
(Nc-sanded treatment)  to bond stress for Steel bar (τ 
G.F / τ S ) is enhanced for specimen B7 compared to 
specimen B6 and reached  42%  with increasing 
embedded length to 250 mm but not sufficient to reach 

the optimum bond strength for steel bar. As shown in 
Figs. 18, 19 and table 5, for both mechanical (B5) and 
spiral treatment (B15), the bond stress for GFRP bar 
are higher than that of deformed steel specimen by 
about 32% and 3% respectively, with corresponding 
ratio of slippage (S G.F / S S   ), 0.46 and  1.25 
respectively. For embedded length 100 mm, the 
specimens failed in bond failure, and the ratio of bond 
stress (τ G.F / τ S) reached up to 55%. As shown in 
Fig. (20), the fiber concrete has a negative impact on 
the bond strength increase, due to probability of 
existence voids in the fiber concrete.  

 

 
Fig.17. Bond-slip relations of GFRP beam B6 and B7 

 

 
Fig.18. Bond-slip relations of GFRP beam B1 and B5 
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Fig.19. Bond-slip relations of GFRP beam B2 and B15 

 

 
Fig.20. Bond-slip relations of GFRP beam B16 and B3 

 
The average experimental bond-slip behavior 

of the GFRP for different treatment of bar end, and 
steel beam specimens with embedded length 250 mm is 
drawn in Fig. 21. Bond resistance of GFRP beam 
specimen B7 (3.2 MPa) and B3 (3.83 MPa ) is found to 
be lower than that of deformed steel specimen  B10 
(4.3 MPa) by about 25 %, and 10% respectively, the 
fiber concrete effect increased the bond resistance 
Provided that the quality mixing of concrete. While, 
bond resistance of deformed steel specimen is found to 

be lower than the bond resistance of GFRP beams B15 
( 4.45 Mpa), and B5(5.7 Mpa) by about 3% and 30 % 
respectively. The mechanical treatment is more 
effective in enhanced the bond resistance. On the other 
hand the ultimate slip of GFRP specimen B5 is lower 
than that of deformed steel by 45%, and the ultimate 
slip of GFRP specimen B15 is larger than that of 
deformed steel specimen by about 25 %. The initial 
bond stiffness of GFRP specimens is lower of the 
deformed steel initial bond stiffness. 

 

 
Fig.21. Bond-slip relations of GFRP beam B10, B7, B5 and Steel beam B15 
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5. Conclusion 
In this paper an experimental program is 

design to investigate the bond-slip behavior 
between concrete and glass fiber reinforced 
polymer (GFRP) reinforcing bars under static 
loading. 19 Beam specimens reinforced with glass 
fiber (GFRP) bars, and steel bars are fabricated and 
tested. Beam specimens are tested under the 
specification specified four-point bending test. 
From the analysis and discussion of the test results 
the following conclusions can be obtained: 
1. Initial slope (bond stiffness) bond-slip of GFRP 

specimens is lower than that of the notched steel 
specimens. 

2. Bond resistance of GFRP beam specimen with 
sand treatment is lower than that of deformed 
steel specimen by about 25 %. 

3. The fiber concrete has small effect (15% 
increase) in enhanced the bond resistance for the 
sanded GFRP treatment. 

4. The bond resistance of GFRP beams with spiral 
treatment, and mechanical treatment is larger 
than bond resistance of deformed steel specimen 
by about 3% and 30 % of the bond resistance of 
deformed steel specimen.  

5. The mechanical treatment is more effective in 
increasing the bond resistance than the spiral 
treatment. 

6. The ultimate slip of GFRP specimen mechanical 
treatment is lower than that of deformed steel by 
45%, and the ultimate slip of GFRP specimen 
spiral treatment is larger than that of deformed 
steel specimen by about 25 %.  
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